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Table 1: Biochemical composition and amino acid

profile of the diet produced based on fish meal and
produced mixture based on corn gluten
Mixture produced

Ingredient based on corn  Fishmeal
gluten (%)

Corn gluten 35

Wheat gluten 19.33

Aquapro Soybean 3

meal

Poultry by product 20

meat meal 8

Blood meal 4.33

Di calcium phosphate 212

Histidine 0.85

Arginine 1.2

Methionine 1

Lysine 3.4

Tyrosine 1.2

Valine 0.3

Tryptophan 0.27

Total 100

Dry matter 92.89 94.48

Protein 61.97 7211

Lipid 7.84 9.9

Fiber 0.67 0.11

Carbohydrate 1.26 0.8

Ash 3.2 11.38

Di calcium phosphate 1.1* 2.15

Histidine 14 1.96

Arginine 4.55 45

threonine 25 2.14

Tyrosine 2.4 34

Valine 2.8 2.85

Methionine 1.92 1.93

cysteine 0.47 0.43

Isoleucine 2.7 2.56

Lysine 5.7 5.35

Tryptophan 7.52 5.35
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Table 2: Biochemical composition of diets based on corn gluten

Ingredient (%) Control (FM) (CGM2) (CGM2) (CGMeo) (CGMgo)
Kilka fishmeal 54 43.2 34.2 216 135
Mixture designed based 0 12.49 25 15 37.05 4681
on corn gluten
Aquapro Soybean meal 1 1 1 1 1
Corn gluten 1 1 1 1 1
Wheat gluten 14 12,51 11.28 12 9.99
Corn gluten 0 0 0 0 0
Poultry by product 0 0 0 0 0
meat meal 1 1 1 1 1
Blood meal 1 1 1 0.5 0.5
Yeast 3 3 3 3 3
Kilka oil 14 14.5 14 14 14
Choline 0.7 0.7 0.7 0.7 0.7
Soy Lecithin 25 25 25 25 2.5
Premix vitamin 2 2 2 2 2
Premix Mineral 1 1 1 1 1
Vitamin E 0.5 0.5 0.5 0.5 1
Vitamin C 0.5 0.5 0.5 0.5 0.5
Chromic Oxide 0.5 0.5 0.5 0.5 0.5
Carboxymethyl
ottt 33 26 0.67 0.67 0
Methionine 0 0 0 0 0
Lysine 0 0 0 0 0
Di calcium phosphate 0 0 0 0.48 1
Total 100 100 100 100 100
Biochemical composition based on dry matter (percent)
Dry matter 94.3 94.15 93.93 93.25 92.66
Protein 447 445 44.4 44.25 44.13
Lipid 19.17 19.5 18.89 18.27 18.26
Fiber 0.43 0.475 0.53 0.61 0.64
Carbohydrate 20.2 20.3 23.8 24.8 25.8
Ash 6.65 5.82 4.99 4.15 3.53
Gross energy (Mj/Kg) 18.27 17.94 18.1 18.0 17.94
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FM: Diet based on fish meal
GCMzo: Diet based on corn gluten at 20% replacement

GCMao: Diet based on corn gluten at 40% replacement
GCMeo: Diet based on corn gluten at 60% replacement

GCMso: Diet based on corn gluten at 80% replacement level
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Table 3: dietary Amino acid profile based on corn gluten (based on percentage of dry matter)

Essential amino

acids Control (FM) (CGMzo) (CGMuo) (CGMeo) (CGMgo)
Histidine 13 1.32 1.34 1.36 1.37
Arginine 2.66 2.76 2.84 291 2.95
threonine 1.37 1.49 1.55 1.62 1.49
Tyrosine 1.43 1.48 1.53 1.56 1.58
Valine 1.82 1.89 1.93 1.95 1.99
Methionine 1.18 1.21 1.23 1.27 1.29
cysteine 0.28 0.3 0.31 0.32 0.312
Isoleucine 1.57 1.69 1.76 1.83 1.77
Lysine 3.16 3.23 3.46 3.56 35
Tryptophan 0.46 0.46 0.47 0.48 0.49
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FM: Diet based on fish meal
GCMzo: Diet based on corn gluten at 20% replacement

GCMuo: Diet based on corn gluten at 40% replacement
GCMeo: Diet based on corn gluten at 60% replacement

GCMso: Diet based on corn gluten at 80% replacement level
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Table 4: Growth performance of beluga fed mixture of animal and plant protein sources (n =3, mean standard deviation

Control

Index FM) (CGM2) (CGMu) (CGMeo) (CGMgo)
Initial weight (g) 163.745.44 167.29+7.04 170.08+5.43 173.04+0.99 171.69+3.37
Final weight (g) 652.6+3.6.39 601.8+18.1 644.00+27.05 597.3+57.20 623.75+64.93
Initial length (cm) 35.47+0.41 35.30+1.16 35.40+0.39 35.18+0.53 37.96+4.11
Final length (cm) 50.11+0.66 48.50+3.16 49.15+0.54 48.96+1.79 49.15+1.37
Condition factor 0.51+0.001 0.52+0.001 0.54+0.001 0.50+0.01 0.52+0.01
azvééﬁg[j‘;e”tage during 9956842031 258445640  279.07+24.80  243.85+0.34 2631+ 35.8.
ggf)* (percentage per 2.000.073 1.83+0.24 1.93+0.09 1.78+0.14 1.86+0.014
Daily growth rate 7.0840.53 6.29+1.63 6.860.09 6.13+0.83 6.55+0.91
(gr/day)

(Fgo)"d consumed per fish 206.8 207.80 202.33 207.94 212.17
FCR 1.26+0.023 1.47+0.21 1.28+0.42 1.49+0.21 1.4140.12
PER 1.75+0.23 1.53+0.23 1.73+0.029 1.51+0.23 1.57+0.13
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FM: Diet based on fish meal
GCMzo: Diet based on corn gluten at 20% replacement
GCMuo: Diet based on corn gluten at 40% replacement

GCMeo: Diet based on corn gluten at 60% replacement
GCMso: Diet based on corn gluten at 80% replacement level
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Figure 2: Transverse section of the anterior intestinal
tissue juvenile Huso huso fed Dietary based on corn
gluten at 20% replacement (CGMoz), lamina propria
space (double-headed arrow), goblet cells (GCSJ,
microvilli (MV) and cell necrosis (X 50, H&E)
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Figure 4: Transverse section of the anterior
intestinal tissue of juvenile Huso huso fed Dietary
based on corn gluten at 60% replacement level
(CGM60), lamina propria space (star), goblet cells
(GC) and microvilli (MV)(X 100, H&E)
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Figure 1: Transverse section of the intestinal tissue of
juvenile Huso huso fed Dietary based on fishmeal (FM) diets,
lamina propria space (double-headed arrow), goblet cells
(GC), microvilli (MV) and Cell necrosis (N) (X 50, H&E)
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Figure 3: Transverse section of the anterior intestinal
tissue of juvenile Huso huso fed Dietary based on corn

gluten at 40% replacement level (CGMa4o), lamina propria
space (double-headed arrow), goblet cells (GC), microvilli

(MYV) and cell necrosis (N) (X 200, H&E)
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Figure 5: Transverse section of the anterior intestinal tissue of juvenile Huso huso fed Dietary based on corn gluten at
80% replacement (CGMso), lamina propria space (double-headed arrow), goblet cells (GC), microvilli (MV) and cell
necrosis (N)(X 200, H&E)
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Figure 7: Transverse section of the midgut tissue of _ Figure 6: Transverse section of the midgut tissue of
juvenile Huso huso fed Dietary based on corn gluten-at  juvenile Huso huso fed Dietary based on with fishmeal
20% replacement (CGMa2o). Lamina propria space (FM). Mucosal layer (M), submucosal layer (SM),
(double arrow), goblet cells (GC) and microvilli (MV) (X muscular layer (MU), intestinal fold length (large
200, H&E) arrow), lamina propria space (double arrow) and

goblet cells (GC) (X 100, H&E)
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Figure 9: Transverse section of the midgut tissue juvenile (H&E
Huso huso fed Dietary based on corn gluten at 60% Figure 8: Transverse section of the midgut tissue of
replacement (CGMeo). Goblet cells (GC), microvilli juvenile Huso huso fed Dietary based on corn gluten at
(MYV), cell necrosis (N) (X 200, H&E) 40% replacement (CGM4o). Muscular layer (MU),
lamina propria space (star) and goblet cells (GC) (X
100, H&E)
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Figure 11: Transverse section of the hindgut tissue of
juvenile (Huso huso) fed with a diet based on fish meal
(FM). Submucosal layer (SM), muscular layer (MU),
goblet cell (GC), cell necrosis (N), hemorrhage (He),
lamina propria space (double arrow) and microvilli
(MV) (X 200, H&E)
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Figure 13: Transverse section of hindgut tissue of
juvenile (Huso huso) fed with a diet based on corn
gluten at 40% replacement (CGMuo). Goblet cell (GC),
cell necrosis (N), hemorrhage (He), lamina propria
space (double arrow) and microvilli (MV) (X 400, H&E)
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Figure 10: Transverse section of the midgut tissue
juvenile Huso huso fed Dietary based on corn gluten at
80% replacement (CGMso). Submucosal layer (SM),
muscular layer (MU), lamina propria space (double-
headed arrow), goblet cells (GC), microvilli (MV), cell
necrosis (N) and hemorrhage (He). (X 200, H&E)
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Figure 12: Transverse section of the hindgut tissue of
juvenile (Huso huso) fed with a diet based on corn gluten
at 20% replacement (CGMzo). Goblet cell (GC), cell
necrosis (N), hemorrhage (He), lamina propria space
(double arrow) and microvilli (MV) (X 400, H&E)
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Figure 15: Transverse section of the hindgut tissue of Figure 14: Transverse section of the hindgut tissue of
juvenile (Huso huso) fed with diet based on corn gluten  juvenile (Huso huso) fed with diet based on corn gluten at
at 80% replacement level (CGMso). Goblet cell (GC), 60% replacement (CGMeo). Goblet cell (GC), cell necrosis

cell necrosis (N), lamina propria space (double arrow)  (N), hemorrhage (He), lamina propria space (double arrow)
and microvilli (MV) (X 200, H&E) and microvilli (MV) (X 100, H&E)

(P laE Do e + oM 1§ 595 r9Suwg ySeso by sund anlllao alo b (A5 3 silos o olaB) 839y bl oaslidh camol oy 10 Jgoi>

o0 LA ) alizo (glaslond 5o L Jghu mals b il iy caodle g 8l laghu (1392 (2l 9 cemwlio (gl — Cuodle
Table 5: Pathological changes Huso huso the intestinal tissue (hindgut, midgut and foregut) studied with light
microscope, the + sign indicates the severity of complications, the - sign indicates the appropriateness and normality
of tissue cells, and the arrow indicates on increase or decrease of cells in different treatments.
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Introduction

Fishmeal price were increasing every year and predicted that fish diet will have a wider range of
ingredients replaced by fishmeal, such as vegetable sources, microbial protein sources, waste
from fishing and animal protein waste (Glencross et al., 2007). Vegetable proteins can replace
fish meal to some extent and have a negative effect on the growth of aquatic animals at high
levels. But many studies have shown that a mixture of vegetable proteins can improve the amino
acid profile compared to single protein source replaced by fish meal (Amaya et al., 2007). By
this method, high replacement with a blend of protein Vegetables have been reported in aquatic
animal (Hansen et al., 2007), but increasing fiber, increasing carbohydrates and inappropriate
amino acids in diets based on animal and vegetable proteins can led to a negative effect on fish
digestive system that showed by growth reduction, immune system depress , low quality meat and
even fish fatality in a long-term feeding period (Raskovic et al., 2011). therefore, in this
experiment, the effect of a mixture of animal and vegetable proteins replaced by fish meal (levels
of 20, 40, 60 and 80%) on the growth indices and digestive system tissue Huso huso were studied.
Methodology

In order to reduce the share of fishmeal in the diet of beluga, a basal diet based on 54% of
fishmeal was made. A mixture of animal and vegetable proteins (corn gluten: 35%, wheat gluten:
19.34%, processed soybean flour: 3%, chicken by-products: 20%, meat and bone meal: 8%, blood
meal: 3.4%) at 20, 40, 60 and 80% levels replaced with fishmeal (FM) (CGM29, CGM4o, CGMe,
and CGMgy, respectively) and finally 5 isonitrogenous (44% crude protein) and isoenergetic (18
MJ/kg) diets were produced. The fish (Average weight: 167+6.5 gr) were fed to saturation for 12
weeks. Biometry were carried out on month interval and by carrying out information obtained
from fish length, weight and food consumption, growth indices and feed efficiency ratio were
calculated. At the end of the feeding period, 30% of the fish population was collected from each
tank for histological studies. Three parts of the intestine (hindgut, midgut, and foregut) were
removed. It was fixed and stained. Histological studies were carried out by an optical microscope
equipped with a monitor.
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Results

There was no significant difference in the final weight and length of fish of different treatments
(P>0.05). condition factor and percentage of weight gain of fish fed with FM, CGMz2o, CGMa,
CGMego and CGMgo had no no significant difference and percentage of weight gain was close to
each other (243 to 298%) (P>0.05). No significant difference was observed in specific growth
rate and daily growth rate and food conversion ratio in fish fed with all diets (P>0.05). Fish fed
FM had the highest protein efficiency ratio (1.75+£0.23), but protein efficiency ratio in fish fed
with CGMz0, CGMa40, CGMego and CGMgo was in the range of 1.53 to 1.73%. But no significant
difference was observed (P>0.05). Histological studies were carried out by an optical microscope
equipped with a monitor. The intestinal tissue of fish fed with CGM80 diet had necrosis and
biliary stagnation. However, histological studies in fish fed with FM, CGM2o, CGMao, and
CGMgo diets showed that the lamina propria space is adequate, the necrosis of enterocytes is
negligible, and the number of goblet cells in the anterior, middle, and distal intestine is balanced.
The final results confirmed that the CGMpgo did not a negative effect on the growth fish, but it
caused damage to the digestive system . In the present study, there is no significant difference in
growth indices and food conversion ratio of fish fed with diets based on fish meal and diets based
on corn gluten flour (a mixture of corn gluten: 35%, wheat gluten: 19.34%, soybean meal
processed: 3%, poultry by product: 20%, meat and bone meal: 8%, blood powder: 4.3%). In this
order, it seems be that alternative diets formulation based on a mixture of Animal and vegetable
protein sources were led to enriching of profile and biochemical composition of diet, In addition
beluga Compared to white and Siberian sturheon is a species that can be fed with high
carbohydrates percentages without growth reduction (Mohseni et al., 2011). In the present
experiment, by increasing mixtures based on corn gluten-based in fish diet, goblet cells were
increased and reached to highest value in CGMso. goblet cells are related to immune system and
mucus secretion in order to fluidity of digestive tract and create a protective barrier against
mechanical and chemical damage (Marchetti et al., 2006). it seems that the increase of goblet
cells in beluga fed with a mixture of vegetable proteins (CGMsgo and CGMgyo) is a reaction against
to mucous layer necrosis and reduction of intestinal villi in order to further damage of folds by
secreting more mucins (Li et al., 2007), but in general, digestive tract epithelium damage in fish
fed CGM20, CGM4o diets and CGMeo was negligible compared to fish fed with FM diets and did
not lead to enteritis (intestinal inflammation). Therefore, it is suggested to replace fishmeal with a
mixture of animal and vegetable proteins at 20 and 40% in Huso huso diet during the fattening
stage.
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